This review provides a panoramic view of Prof. Kurt Hostettmann's contribution to the study of African medicinal plants as documented in over 85 publications with collaborators from about a dozen African countries. Many novel bioactive secondary metabolites were isolated, their structures elucidated by hyphenated HPLC techniques and their biological activity determined.
Introduction
It is a privilege to contribute to this special issue of Natural Product Communications dedicated to Professor Kurt Hostettmann, Head of the Laboratory of Pharmacognosy and Phytochemistry of the School of Pharmaceutical Sciences of the University of Geneva on the occasion of his 65 th birthday.
Prof. Hostettman has made outstanding contributions to our current understanding of the chemistry and the biological activities of African medicinal plants including the use of modern analytical and hyphenated chromatography techniques. His research on African plants has appeared in over 85 publications involving African collaborators from about a dozen African countries. Over 60 species representing more than 50 genera in 35 plant families collected mainly from Guinea, the Ivory Coast, Malawi, Mali, Mauritius, Niger, Rwanda, South Africa and Zimbabwe were subjected to in-depth phytochemical investigations.
Screening of African medicinal plants using simple bench top bioassays revealed many plant extracts with antimicrobial activity against a wide range of bacterial strains including both Gram positive and Gram negative bacteria in addition to antifungal activity against both plant and animal pathogenic fungi.
Antiviral activity was assessed against poliovirus, herpes simplex and rhinovirus in a plaque reduction assay. Many plants used in Malian traditional medicine were assayed for their activity against Leishmania major. Concerted efforts were directed towards the screening of molluscicidal, larvicidal, antitumor, and antioxidant activities as well as acetylcholinesterase inhibition. This article documents Prof. Hostettmann's valuable contributions to African medicinal plant research.
Application of modern analytical and preparative methods
Prof. Hostettmann is one of the pioneers in the utilization of separation techniques such as droplet countercurrent chromatography (DCCC) and rotational locular countercurrent chromatography (RLCC) [1, 2] .
The combination of high-performance liquid chromatography (HPLC) with on-line UV, MS, and NMR detection is a very valuable tool for the analysis of secondary metabolites in complex mixtures, such as plant extracts [3] . The extract of the Guinean plant, Dissotis rotundifolia T. (Melastomataceae) was analyzed by HPLC coupled with UV diode-array detection (DAD) and thermospray mass spectrometry (TSP-MS) to reveal the four known C-glycosylflavones isoorientin, orientin, vitexin and isovitexin. Thermospray tandem mass spectrometry (TSP-MS-MS) distinguished 6-C from 8-C-glycosylflavones. The collision induced dissociation (CID) spectra of the [M+H-120] + ion provided fragments which differentiated between isomers [4] . The on-line identification of the antifungal isoflavonoids of Erythrina vogelii (Fabaceae) was achieved by liquid chromatography with tandem mass spectrometry, ultraviolet absorbance detection and nuclear magnetic resonance spectrometry combined with liquid chromatographic micro-fractionation [5] .
Coupling HPLC to mass spectrometry (LC-MS) and NMR (LC-NMR) has been utilized to identify unstable molecules such as the iridoids from the Zimbabwean plant, Jamesbrittenia fodina (Scrophulariaceae) [6] .
The relatively large molecular weights, high polarity and the complexity of extracts containing saponins, represent a challenge to phytochemists. This was largely surmounted by the use of a thermospray (TSP) LC-MS interface in the analysis of molluscicidal saponin-containing plant extracts [7] . Soft ionization techniques such as FAB desorption/chemical ionization revealed molecular weight and sugar sequence information for some naturally occurring glycosides. Thus, the pattern of branching could be unequivocally established from the successive loss of the three glucopyranosyl units of the bidesmosidic saponins found in Phytolacca dodecandra (Phytolaccaceae) berries [8] . D/CI-MS has been used for the structure elucidation of saponins from Tetrapleura tetraptera (Fabaceae) [9] . This technique circumvents problems involving the separation, identification and quantification of labile constituents such as the iridoid esters (i.e. valepotriates) encountered in Valeriana capense and other species of the Valerianaceae [10] . Certain NMR advanced techniques such as longrange heteronuclear 13 C-1 H correlation (XHCORR), were used in the structure elucidation of the novel seco-ursene aglycone, alatoside A (1), from Sesamum alatuum (Pedaliaceae) by detecting the interactions between the proton at C-18 and the carbon atoms C-13, C-17 and C-28 [11] . Despite the difficulty of obtaining a suitable single crystal for X-ray crystallographic analysis, this technique led to the final structure of the aglycone of alatoside A 1 [11] .
The isolation of two diastereoisomeric 3,8"-linked biflavonoids from the Malawian plant, Gnidia involucrata (Thymelaeacea) and the assignment of their absolute configuration was achieved by on-line coupling of HPLC to circular dichroism (LC/CD) [12] . The on-line determination of the absolute configuration of the 6-alkylated α-pyrones from Ravensera crassifolia (Lauraceae) by LC/NMR provides an elegant demonstration of the power of this technique for natural products which are available only in very minute amounts [13] . (Figure 1) (2) . Its otherwise difficult separation from the main alkaloid, dioncophylline A (3), was facilitated by a bromination-benzylation procedure and X-ray analysis of the resulting derivative to confirm the absolute stereostructure of the new alkaloid. Compared with the parent compound 3 (IC 50 = 1.44 μg/mL), its 5'-demethyl counterpart 2 displayed improved in vitro antimalarial activity (0.340 μg/mL) against Plasmodium falciparum [14] .
New bioactive secondary metabolites isolated from African medicinal plants

Alkaloids
Among the naphthylisoquinoline alkaloids tested for molluscicidal activity, dioncophylline A (3) and 5'-Odemethyl-8-O-methyl-7-epi-dioncophylline A (2), are the main sources of activity in the extracts of T. peltatum (Dioncophyllaceae) and Ancistrocladus abbreviates (Ancistrocladaceae) against the tropical snail, Biomphalaria glabrata, the intermediate host of schistosomiasis. The two alkaloids exhibited LD 100 values of 20 and 40 ppm (24 h), respectively [15] . Dioncophylline A (3) is one of the most prominent naphthylisoquinoline alkaloids and constitutes the main molluscicidal agent against B. glabrata. Its derivative, 8-O-benzyldioncophyllin A, is one of the most potent molluscicidal representatives of this class [16] .
Heliotropamide (4) is the major constituent in the CH 2 Cl 2 extract of the aerial part of Heliotropium ovalifolium Forsk (Boraginaceae). It is characterized by its novel oxopyrrolidine-3-carboxamide central moiety. Its structure was elucidated by spectrometric methods and chemical derivatization [17] .
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Natural Product Communications Vol. 4 (10) A new acridone alkaloid designated as rhodesiacridone (5) was identified in the roots of Thamnosma rhodesica (Rutaceae), along with three other known acridones and linear furanocoumarins. This novel compound showed activities against the intracellular form of Leishmania major. Rhodesiacridone (5) and gravacridonediol (6) demonstrated some bioactivity against the extracellular free living promastigotes at 10 μM concentration, but interestingly, the effect against intracellular amastigotes at the same concentration was far more pronounced. Meanwhile the compound was not toxic for macrophages at the same concentration. However, all the isolated compounds exhibited no activity against the plant-pathogenic fungus Cladosporium cucumerinum in the bioautographic assay [18] . LC/UV/MS analysis performed on the crude MeOH extract of Zanthoxylum zanthoxyloides (Rutaceae) allowed on-line identification of some known alkaloids including: N,N-dimethyllindicarpin, arnottianamide, fagaramide and three benzo[c]phenanthridine alkaloids [19] . (Figure 2) : From the aerial parts of Helichrysum nitens Oliv. And Hiem (Asteraceae), 5,7-dimethoxyflavone, 5,6,7-trimethoxyflavone, 3,5,7-trimethoxyflavone, 5,6,7,8-tetramethoxyflavone, 3,5,6,7-tetramethoxyflavone and 3,5,6.7,8-pentamethoxyflavone were isolated and identified. In addition, 5-hydroxy-6,7-dimethoxyflavone and 5-hydroxy-6,7,8-trimethoxy-flavone have also been found. The antifungal activities of the fully methylated compounds were similar to that of tangeretin (5, 6, 7, 8, 4 '-pentamethoxyflavone), an antifungal flavonoid isolated from Citrus leaves. These compounds were found externally deposited on the leaf and stem surfaces. 3,5,6,7,8pentamethoxyflavone was identified as a new naturally occurring flavonoid [20] .
Flavonoids
Four new pterocarpinoids, sphenostylins A, B, C and D (7-10) were isolated from the CHCl 3 extract of the root bark of Dolichos marginata ssp. erecta (Fabaceae) by preparative liquid chromatography. The isolated compounds showed weak antifungal activity against Cladosporium cucumerinum [21] .
The root of Polygala virgata (Polygalaceae) afforded three new naturally occurring isoflavonoids. Their structures were determined as 5,7,4'trihydroxy-6,8-dimethoxy-isoflavone, 5,7-dihydroxy-6,8,4'-trimethoxy-isoflavone, and 5,7-dihydroxy-8,4'dimethoxy-isoflavone.The latter was previously reported as a synthetic compound [22] .
The dichloromethane extract of the aerial parts of Chenopodium procerum (Chenopodiaceae) yielded three flavonoids by different chromatographic techniques, the isoflavones irilin A and irilin B, and the flavanone dihydrowogonin. The latter two compounds inhibited the growth of the plant pathogenic fungus Cladosporium cucumerinum [2] .
A new flavonol glycoside was isolated from the leaves of Vernonia galamensis ssp. nairobiensis (Asteraceae). Its structure was established as isorhammetin 3-O-β-D-apio-D-furanosyl (1→2)-β-Dgalactopyranoside on the basis of spectral data and acid hydrolysis. Characterization of the peracetate derivative confirmed the configuration of the apiosyl moiety. In addition, the known flavonol glycosides quercetin 3-galactoside, quercetin 3-apiosyl (1→2) galactoside and quercetin 3-rhamnosyl (1→2) galactoside were isolated and identified [23] .
The dichloromethane extract of the leaves of Myrica serrata (Myricaceae) inhibited the growth of Cladosporium cucumerinum, Bacillus subtills, and Escherichia coli on TLC plates. Bioactivity-guided fractionation led to the isolation of 2',4'-dihydroxy-6'methoxy-3',5'-dimethylchalcone, 2',4'-dihydroxy- 6'-methoxy-5'-methylchalcone (aurentiacin A) , 2',6'dihydroxy-4'-methoxy-3',5-dimethyldihydrochalcone, 2'-hydroxy-4',6'-dimethoxy-3'-methyl-dihydrochalcone, and 2',6'-dihydroxy-4'-methoxy-3'-methyldihydrochalcone. In addition, the flavanones demethoxymatteucinol and cryptostrobin were also identified. The isolated chalcones exerted better antimicrobial profiles than their dihydro-counterparts against Cladosporium cucumerinm, B subtilis and E. coli [24] .
The CH 2 Cl 2 extract of Monotes engleri Gilg.
(Dipterocarpaceae) showed antifungal activity against the yeast Candida albicans using bioautographic-TLC assays. To follow an efficient bioactivity guided isolation of the antimicrobial compounds, on-line LC/UV/MS and LC/UV/NMR analyses of the crude extract and active fraction were performed. LC/UV, LC/MS and LC/NMR data (1D and 2D) allowed the identification of two new prenylated flavanones designated as monotesone A (11) and monotesone B (12) along with silinone and lonchocarpol A, which are already known prenylated flavanones. Monotesone A (11) is optically active with a negative optical rotation ([α] = -24.7) and its absolute configuration at C(2) was determined by CD experiments [25] . The antifungal activity against Candida albicans was determined for all compounds. Selinone inhibited growth of the yeast at 10 μg/mL, and monotesone A (11) has an MIC of 20 μg/mL while lonchocarpol A was devoid of any antifungal activity [25] .
On-line analysis of the root bark of Erythrina vogelii
Hook f. (Fabaceae), a plant used in the traditional medicine of Ivory Coast, was systematically undertaken. The crude extract was analyzed by lowflow LC-1 H nuclear magnetic resonance spectrometry which gave a sensitive detection of all the main peaks.
LC micro-fractionation was performed just after LC-NMR detection and all peaks collected were submitted to antifungal bioautography assays against the phytopathogenic fungus Cladosporium cucumerinum. In order to obtain complementary online structural information for all peaks of interest, high-resolution LC-MS-MS together with LC-UV with post-column addition of UV shifts reagents was undertaken on the crude extract [5] .
This chemical screening strategy with integrated antifungal bioassays permitted the on-line identification of numerous constituents and gave useful information for an efficient peak-guided isolation procedure. The known prenylated isoflavone, isowighteone presented the largest zone of inhibition in the post-chromatographic antifungal bioautography assays [5] .
Phytochemical investigations of the CH 2 Cl 2 extract of Erythrina vogelii root bark afforded seven new prenylated isoflavonoids, vogelins A-G (13) (14) (15) (16) (17) (18) (19) , in addition to the known compounds isolupalbigenin, ficuisoflavone, ulexone, isochandalon, isoderrone, 1-methoxyphaseollidin and isowighteone [26, 27] .
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Natural Product Communications Vol. 4 (10) 2009 1435 All the structures were elucidated by spectroscopic and chemical methods and the absolute configuration of vogelin D (14) was determined from its CD spectrum [27] . The antifungal activity of the isolated compounds was investigated against Cladosporium cucumerinum. The minimal inhibitory concentration in a direct TLC bioautographic assay was determined as 0.5 μg for 1-methoxyphaseollidin and 10 μg for isowighteone while the other compounds were inactive [26, 27] .
Analysis of the methanol extract of the roots of Gnidia involucrata (Thymelaeaceae) led to the isolation and characterization of two new 3,8"biflavonoid diastereoisomers, named GB-4 (20) and GB-4a (21) . Their absolute configurations were determined in-mixture by on-line LC/CD measurements, which also allowed the revision of absolute configurations of other previously reported related biflavanoids [12] . (Figure 3) : Three novel prenylated xanthones (22) (23) (24) were isolated from the root bark of the South African Garcinia gerrardii Harvey T. R. Sim. (Clusiaceae). Structure elucidation was achieved by a combination of one-and two-dimensional NMR spectroscopic techniques, including long-range HETCOR, mass spectroscopy, and chemical methods. Garcigerrins A (22) and B (23) are pyrano derivatives of 24. They all show a rare 1,4,5oxygenation pattern of the xanthone nucleus. Compound 24 exerted fungicidal activity against Cladosporium cucumerinum [28] .
Xanthones
The dichloromethane extract of the aerial parts and the methanolic extract of the roots of Chironia krebsii (Gentianaceae) yielded eleven 1-hydroxyxanthones and six xanthone glycosides. Among them, four compounds proved to be new glycosides and their structures were established by spectroscopic (UV, EIMS, D/CIMS, 1 H and 13 C NMR) and chemical methods as 5-hydroxy-3-methoxy-1-Oprimeverosyl-xanthone, 1-hydroxy-3-methoxy-5-Oprimeverosyl-xanthone, 5-hydroxy-3-methoxy-l-O-β-D-glucosyl-xanthone, and 3,5,6,7,8-pentamethoxy-1-O-primeverosyxanthone [29] .
Two known xanthones were reported from the roots of Polygala virgata (Polygalaceae) and their structures were established as 1,7-dihydroxy-2,3,4-trimethoxyxanthone and 1,7-dihydroxy-3,4dimethoxyxanthone [22] . (27) and roeperanone (28) . In addition, 2-hydroxyxanthone, 5-hydroxy-2methoxyxanthone, 1,5-dihydroxy-2-methoxyxanthone, 2-deprenylrheediaxanthone B, isojacareubin and calycinoxanthone D have also been isolated and characterized. Some of the isolated xanthones exhibited antifungal activity against Candida albicans [31] . (Figure 4) : Two genuine naphthoquinones identified as 7-methyljuglone and its dimeric form, isodiospyrin, in addition to two artifacts were isolated from the root bark of the Malawian plant, Diospyros usambarensis A. DC. juglone, which has lethal activity at 5 ppm within 24 h against Biomphalaria glabrata [32] .
Quinones
The extracts of Swertia calycina (Gentianaceae) exhibited strong antifungal activity against Cladosporium cucumerinum and Candida albicans. The compound responsible for this activity was isolated and identified as 2-methoxy-1,4-naphthoquinone. It is considered the first naphthoquinone described in the family Gentianaceae. The minimal inhibitory concentrations of this naphthoquinone against the fungi Cladosporium cucumerinum and Candida albicans were found to be 0.1 and 0.4 μg, respectively [30] .
The dichloromethane extract of the roots of the Guinean shrub Newbouldia laevis Seem. (Bignoniaceae) afforded five new naphthoquinones characterized as 7-hydroxydehydroiso-α-lapachone (29), 6-hydroxy-dehydroiso-α-lapachone (30), 5,7dihydroxydehydro-iso-α-lapachone (31), 3-hydroxy-5-methoxy-dehydroiso-α-lapachone (32) and 5hydroxy-7-methoxydehydroiso-α-lapachone (33) . The structure of compound (29) was confirmed by X-ray crystallography. Some of the naphthoquinones showed strong antimicrobial activity against Cladosporium cucmerinum, Candida albican, Bacillus subtilis and Escherichia coli. However, the medical use of naphthoquinones in general is limited due to their likely toxicity [33, 34] .
The aerial parts of Heliotropium ovalifolium (Boraginacae) afforded two new benzoquinones designated as heliotropinones A (34) and B (35) on the basis of spectrometric evidence including high resolution electrospray ionization (ESI-HR), EI mass spectrometry, 1 H, 13 investigated. The tetrahydroanthracenes, along with the known anthracenic derivatives, vismione D and acetylvismione D exerted reproducible cytotoxicity in this in vitro test system [36] .
Two novel naphthoxirene derivatives 38 and 39 and their respective glucosides 40 and 41 were isolated from the root bark of Sesamum angolense Welw. (Pedaliaceae). The structure of 38 was established by X-ray diffraction analysis [37] . Compounds 38-41 exhibited antifungal activity against Cladosporium cucumerinum using TLC bioassay. As a result, 0.5 μg of naphthoxirene 38 was sufficient to prevent growth of the fungus. Larger amounts (5 μg) were required from compounds 39 and 40 to induce fungicidal action while 41 was inactive even at 50 μg concentration. The cytotoxicity of these compounds towards Co-115 human colon carcinoma cells revealed that 38 was the only active compound responsible for the antiproliferative activity of the crude CH 2 Cl 2 extract of S. angolense (LD 50 0.875 μg/mL) [37] .
Phenanthrenes:
A new tetrahydrophenanthrene named heliophenanthrone (42) was isolated from the aerial parts of the Zimbabwean plant Heliotropium ovalifolium (Boraginaceae). Its structure was elucidated from spectroscopic data as 
42
(1R,2R)-1-hydroxy-2-methoxy-6,9-dimethyl-2,3dihydrophenanthren-4(1H)-one [38] . The absolute configuration of 42 was determined from LC-NMR data of the Mosher ester derivative [38] . (Figure 5) : As part of the chemical and biological studies of the African genus Hypericum, various morphological parts of Hypericum revolutum Vahl (Clusiaceae) were collected in Malawi. Screening for antifungal activity of the petroleum ether extract of the twigs revealed the presence of fungicidal constituents with bioactivity towards Cladosporium cucumerinum in a TLC-bioassay. Fractionation of this extract by various chromatographic techniques resulted in the isolation and characterization of two new 2H-1benzopyranyl ketones 43 and 44 and three related dimers 45, 46a/46b and 47. These dimers seem to be natural since they are present in the original extract [39] . The structure of 45 (hyperevoline) was determined by X-ray analysis [39] . 3.9. Tetrahydro-and furobenzopyrans: Two highly oxygenated new polyphenols were isolated from the stem bark of Cordia goetzei Gûrke (Boraginaceae) and their structures elucidated by a combination of one-and two-dimensional (including COLOC) NMR spectroscopic techniques, mass spectroscopy, and chemical methods as the tetrahydrofuran and furobenzopyran derivatives cordigone (51) and cordigol (52), respectively [43] . (Figure 6 ): Attempts to isolate radical-scavenging compounds by activity-guided fractionation of the dichloromethane extract of the root bark of Lannea edulis Engl. (Anacardiaceae) led to the isolation of three new dihydroalkylhexenones (55) (56) (57) . The structures of the isolated compounds were elucidated by spectroscopic and chemical methods and the absolute configuration of 56 was determined by the Mosher ester method [45] . (Figure 7) : The root bark CH 2 Cl 2 extract of Bauhinia rufescens Lam.(Fabaceae), collected in Niger, showed antifungal activity in a bioassay with the plant pathogenic fungus Cladosporium cucumerium. Subsequent bioactivityguided fractionation resulted in the isolation of four new antifungal tetracyclic compounds 58-61. Their structures were established by 1 H-and 13 C-NMR data and single-crystal X-ray analyses [46] . (Figure 8) : A new iridoid glucoside named sesamoside (62) was isolated from the root bark of Sesamum angolense Welw. (Pedaliaceae), from Malawi and assigned the structure methyl antirrinoside-4-carboxylate. It was accompanied by the known iridoid glucosides phlomiol, pulchelloside-I, 6β-hydroxyipolamiide, and by the phenylpropanoid glycoside verbascoside. The identities of these compounds were deduced by spectroscopic methods. The structure of sesamoside 62 was confirmed by conversion into its pentaacetate and diisopropylidene derivatives [47] .
Chromenes
Dihydroalkylhexenones
Tetracyclics
Iridoids
Three new harpagide derivatives were isolated from the aerial parts of Rogeria adenophylla (Pedaliaceae). The structures were established as 8-O-ciscinnamoylharpagide, (63) 8-O-cis-cinnamoyl-6-O-β-D-glucosyl-harpagide (64) and 6'-O-p-coumaroyl harpagide (65) respectively, the p-coumaroyl moiety of the latter existing in either the trans or cis configuration. In addition, harpagide, harpagoside, 8-O-trans-p-coumaroylharpagide, procumbide and verbascoside were isolated and identified [48] .
The methanolic extract of Swertia calycina (Gentianaceae) afforded two known secoiridoids, sweroside and gentiopicroside [30] . Analysis of the methanolic extract of Jamesbrittenia fodina O. M. Hilliard (Scrophulariaceae) revealed the presence of cinnamic ester derivatives. Two isomeric pairs of these constituents were detected, but could not be isolated. In order to identify these unstable compounds, LC-1 H-NMR spectra were obtained for each individual isomer and standard NMR measurements were performed in-mixture [3] .
The spectra clearly demonstrated that the fractions consisted of mixtures of cis and trans cinnamoyl catalpol glycoside esters. One pair of isomers was identified as trans and cis forms of 6-O-(3,4dimethoxycinnamoyl)-α-L-rhamnopyranoside] catalpol, while the second pair were established to be trans and cis forms of 6-O-(4-O-methoxycinnamoyl)α-L-rhamnopyranoside] catalpol [3] .
HPLC-UV-MS analysis of the methanol extract of J. fodina revealed the presence of different iridoid cinnamic esters. However, the isolation of these constituents was prevented by their instability. HPLC-UV-MS and HPLC-NMR analysis of the mixtures obtained after a tentative isolation indicated that the instability was mainly due to a light-induced cis/trans isomerization of the cinnamic moieties. Further investigation of related compounds showed an additional instability problem linked to other chemical transformations [6] .
A detailed HPLC-NMR-MS study of these fractions demonstrated that the modifications occurred on the rhamnose moiety of these iridoids. It could be concluded that the second type of instability was attributable to transformation of the cinnamic moiety on the rhamnose unit. The recording of stop-flow HPLC-NMR spectra for specific HPLC peaks permitted the direct monitoring of these transformations. Based on the detailed HPLC-NMR-MS study, eight aucubin derivatives were characterized as the cis and the trans forms [6] .
3.14.
Sesquiterpene lactones:
Two new sesquiterpene lactones were isolated from the CH 2 Cl 2 extract of the aerial parts of Inulanthera nuda (Asteraceae) and identified as 1α,4β,10β-trihydroxyguaia-2,11(13)-dieno-12,6α-lactone (66) and 4β,10βdihydroxy-1α-methoxyguaia-2,11(13)-dieno-12,6αlactone (67) [49] . Bioactivity-guided fractionation of Parinari capensis Harv. (Chrysobalanaceae) collected in Zimbabwe led to the isolation of three antifungal kaurene-based diterpene lactones 69-71. The structures of these compounds were established by NMR spectroscopy and X-ray crystal-structure analysis. Addition of bromine to the methylidene group yielded the respective brominated derivatives. X-Ray analysis of these derivatives enabled the unambiguous establishment of their absolute configurations. Accordingly, the first compound was identified as (4R,9R)-l0-hydroxy-l3-methoxy-9-methyl-15-oxo- 20-norkaur-16-en-18-oic acid γ-lactone (69). The diterpenes 70 and 71 were designated as the C(13)-demethoxylated and the C(13)-demethylated derivatives of diterpene 69, respectively [52] .
The mere presence of kaurene derivatives in this family is of taxonomic significance since this type of diterpene is so far restricted in its distribution to the Heliantheae tribe of the family Asteraceae. The antifungal activity of the three compounds was determined against the phytopathogenic fungus Cladosporium cucumerinum by dilution assays using solid media. Compounds 69-70 inhibited the growth of the fungus at 20 μg/mL, while compound 71 was the least active compound with an activity of 100 μg/mL. Amphotericin B was used as a positive control and inhibited the growth of the microorganism at 1 μg/mL [52] .
Two new diterpenes designated mellerin A (72) and B (73) were isolated from the leaves of Neoboutonia melleri (Euphorbiaceae). Their structures were identified on the basis of chemical and spectroscopic methods [53] .
The root bark of Bobgunnia madagascariensis (Desv.) J.H. Kirkbr. & Wiersema (Synonym: Swartzia madagascariensis Desv., Fabaceae) yielded two new 'quinone methide' diterpenes with a cassane skeleton. The two compounds occurred as a diastereoisomer mixture 74a/74b. Their structures were established by spectroscopic methods and by comparison with the data obtained for another 'quinone methide' diterpene isolated previously from the same plant and identified by single-crystal X-ray analysis. 1 H-and 13 C-NMR signals were assigned by extensive in-mixture 2D correlation experiments, and 1 H-NMR spectra of the separated diastereoisomers 74a and 74b were recorded by on-flow LC/NMR. The interconversion of 74a and 74b was followed by repeated stop-flow LC/NMR experiments over a twohour period. The on-flow LC/NMR analysis showed no difference in all signals in the high-field region (1.0 -4.5 ppm) but signals differed significantly in the 5.5 -7.0 ppm region and accordingly the two compounds 74a and 74b were assigned the chemical structures of (4R,6aS,10aS)-and (4S,6aS,10aS)-1,4,6a,7,8,9,10,10a-octahydro-4,11-dihydroxy-7,7,10a-trimethyl-2H-phenanthro[1,2-c]pyran-6,12dione, respectively [47] . The diastereoisomers 74a/74b (1:1) were tested in a modified microbroth assay in the presence of tetrazolium salt XTT, to quantitate viable fungal cells. The mixture showed a significantly higher inhibition (IC 50 = 7.0 μg/mL) than the 'quinone methide' (75) reported earlier from the same plant. The mixture also inhibited the growth of both Candida albicans and Cladosporium cucumerinum [54] at 0.5 μg.
Two new antifungal diterpenes, fusicoserpenol A (76) and dolabeserpenoic acid A (77), were isolated from leaves of Hypoestes serpens (Acanthaceae) collected in Madagascar. Their structures were elucidated by 1D and 2D NMR experiments and MS analysis. X-ray crystallographic analysis confirmed the structure of fusicoserpenol A (76) and established the relative configuration. The minimum amount of fusicoserpenol A (76) required for inhibition in the TLC bioautographic assay was 2 μg against Cladosporium cucumerinum and the yeast Candida albicans while dolabeserpenoic acid A (77) required 5 μg to induce inhibition in the two microorganisms.
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Five additional diterpenes isolated from the leaves of H. serpens were identified as 7β-hydroxyisopimara-8,15-dien-14-one (78), 14α-hydroxyisopimara-7,15dien-1-one (79), 1β,14α-dihydroxyisopimara-7,15diene (80), 7β-hydroxyisopimara-8 (14) ,15-dien-1one (81) and 7β-acetoxyisopimara-8 (14) ,15-dien-1one (82). The latter two compounds were identified as new diterpenes and their structures elucidated by spectrometric methods including 1D and 2D NMR and MS analysis [56] .
All diterpenes isolated from H. serpens exhibited antifungal activity against both the plant pathogenic fungus Cladosporium cucumerinum and the yeast Candida albicans.
The most active antifungal compounds were 79 and 81. The minimum amount required for inhibition was 0.5 μg in the TLCbioautographic assay against both fungi. These compounds were more active than miconazole which was used as a reference antifungal agent. The minimum amount of fusicoserpenol A (76) required for inhibition in the TLC bioautographic assay was 2 μg against Cladosporium cucumerinum and C. albicans while dolabeserpenoic acid A (77) required 5 μg. This compares well with the value of 1 μg obtained for the antifungal standard miconazole. The diterpenes (78) and (79) also inhibited acetylcholinesterase at 0.5 μg and 0.2 μg respectively, in a TLC-autobiographic assay. The minimum amount of galanthamine required to inhibit the enzyme was 0.01 μg [55, 56] .
Saponins:
The toxicity of certain compounds to snails transmitting schistosomiasis, a tropical waterborne parasitic disease, stimulated great interest in them as promising molluscicidal agents [57] .
Three new bidesmosidic saponins 83-85 were isolated from the methanolic extract of the berries of Phytolacca dodecandra I'Herit (Phytolaccaceae) by a combination of countercurrent and reversed phase column chromatography The structures were established by hyphenated techniques as well as on the basis of acidic and basic hydrolyses [1] .
As expected, the isolated bidesmosidic saponins 83-85 exhibited molluscicidal activity against Biomphalaria glabrata snails only after their alkaline partial hydrolysis into their respective monodesmosidic derivatives. A high-performance liquid chromatographic method was described for the extraction and determination of oleanane saponins from the berries of Phytolacca dodecandra [1] .
Three new bidesmosidic saponins 86-88 were isolated from the berries of P. dodecandra and their structures established. Saponins 86 and 88 are tetraand pentaglycosides of oleanolic acid, whereas 87 is a tetraglycoside of bayogenin. The corresponding prosapogenins obtained by cleavage of a glucose unit esterified at C(28), exhibited strong molluscicidal activity against schistosomiasis-transmitting snails [8] . Further investigation of the dried fruits of S. madagascariensis afforded five previously reported triterpenoidal saponins. One of the isolated saponins was identified as 3-O-[O-α-L-rhamnopyranosyl-(l→3)-β-D-glucopyranosyluronic acid)]oleanolic acid and was considered to be responsible for the high molluscicidal activity of the fruits of this plant [60] .
Two saponins are responsible for the molluscicidal activity of an extract of the stem bark of Cussonia spicata (Araliaceae) and their structures were established as 91 and 92. Compound 91 was toxic to Biomphalaria glabrata snails at 12.5 mg/l and compound 92 at 100 mg/l. Preliminary screening for spermicidal activity against human spermatozoids showed an activity at a concentration of 1 mg/l for 91 and 3 mg/l for 92 within 3 min [ [66] .
From the methanolic extract of roots of Clerodendron wildii Moldenke (Verbenanceae), a molluscicidal and antifungal triterpenoid saponin was isolated and identified as Mi-saponin A (106) by spectral analysis and chemical transformations. This compound showed molluscicidal activity against Biomphalaria glabrata snails at 25 ppm [67] . The leaves of Polyscias dichroostachya Baker (Araliaceae ), an endemic tree to Mauritius, yielded four triterpenoid saponins based on the hederagenin nucleus. The three known monodesmosidic saponins possessed strong molluscicidal activity against the schistosomiasis-transmitting snails Biomphalaria glabrata, whereas the new bidesmosidic saponin (107) was inactive [68] .
The aerial parts of Sesamum alatum T Honn. (Pedaliaccae) afforded three new saponins, alatosides A-C (108-110) with a 18,19-seco-urs-12ene aglycone named alatogenin. Alatosides A and C are bidesmosidic with two glycosidic linkages at C-3 and C-19. Their structures were elucidated by spectroscopic and X-ray diffraction analysis as well as chemical degradation (acidic and enzymatic hydrolyses) [11] .
A new saponin (111) was isolated from the molluscicidal extract of the fruits of Tetrapleura tetraptera (Fabaceae) and its structure established by chemical, enzymatic and spectral methods as a monodesmosidic diglycoside of the rare sapogenin 27-hydroxyolean-12(13)-en-28-oic acid [9] . The aglycone 112 of 111 was obtained by enzymatic hydrolysis using β-glucuronidase. However, the molluscicdal activity of this saponin against the schistosomiasis-transmitting snail Biomphalaria glabrata proved to be very weak (< 40 ppm) and was attributed to the C-27 oxidation of the aglycone [9] . (Figure 10) : The root extract of Pseudocedrela kotschyi (Meliaceae) demonstrated marked antileishmanial activity in the preliminary screening of 21 species of the most commonly used plants in Malian traditional medicine. Systematic phytochemical investigation of the P. kotschyi dichloromethane extract yielded three novel phragmalin-type limonoid orthoacetates (113-115), named kotschyins A-C, along with some known limonoids including 7-deacetylgedunin (116) and 7-deacetyl-7-oxogedunin [69] . Khalid.
Limonoids
The structures of 113-115 were elucidated by 1D-and 2D-NMR spectroscopy and MS. The relative configurations of these compounds were assigned on the basis of NOE correlations. P. kotschyi extract and the isolated compounds were tested for their antiprotozoal activities against Leishmania donovani, Trypanosoma brucei rhodesiense, Trypanosoma cruzi, and Plasmodium falciparum as well as for their cytotoxicity toward the L-6 cell line. The crude extract and the two gedunin derivatives exhibited good in vitro antiparasitic activity against all these protozoa [69] .
Dihydroxycyclooctane-2,7-endoperoxide:
The MeOH extract of the root bark of Zanthoxylum zanthoxyloides Lam. (Rutaceae) from Mali, yielded a new peroxide derivative, 1,8-di-O-(3-methoxy-4hydroxybenzoyl)-3,6-dihydroxycyclooctane-2,7endoperoxide (117). This compound exerted acetylcholinesterase inhibitory activity at 5 μg, whereas the reference compound, galanthamine, was 0.01 μg under the same experimental conditions [19] .
